Introduction
Mounting evidence from developed countries indicates that at advanced ages death rates rise more slowly than predicted by an exponential Gompertz curve (e.g. Vaupel et al. 1998; Kannisto, Lauritsen, Thatcher, and Vaupel, 1994; Thatcher, Kannisto, Vaupel, 1998; Human Mortality Database 2002) . What does the trajectory of mortality at advanced ages in a developing country look like? What are the similarities and differences compared with developed countries? Previous studies have not answered such questions because of data limitations.
China offers an unparalleled opportunity for studies in a developing country of the mortality of the very old, for two key reasons. First, the Chinese population is huge, totalling about 1.3 billion. Despite past high mortality, there are large numbers of the oldest-old today. The population of China is ageing rapidly (e.g. Banister, 1990; Ogarwa, 1988; Poston and Duan, 2000) . In particular, the number of octogenarians, nonagenarians and centenarians is growing at an extraordinarily rapid rate (Zeng and Vaupel 1989; Zeng and George 2000) . Second, age reporting among very old Han Chinese appears to be acceptably reliable, as discussed below. This is important because misreporting of age bedevils demographic analyses of the very old in most developing countries as well as in the United States and some other developed countries (Coale and Kisker 1986; Preston et al. 1996; Elo and Preston 1994; Preston et al. 1998; Kannisto 1990) .
Based on serviceably reliable data on Han Chinese mortality derived from the 1990 census, this article analyzes the Han Chinese mortality trajectory at advanced ages and discusses the convergence of Han Chinese death rates with Japanese and Swedish rates after age 97. We also present the first Chinese life table for advanced ages, with a comparison to Japanese and Swedish life tables. Coale and Li (1991) studied the mortality data from the 1982 Chinese census. This census not only obtained information on the living but also about those who had died in the previous year and a half. In these mortality data however, Han and ethnic minority populations are not distinguished and the last age category is 100+. Coale and Li found that death rates at very old ages are subject to serious distortion from mis-reported ages in the Xinjiang autonomous region. In Xinjiang, Han Chinese account for less than 40 percent of the total population. The majority belongs to the Uygur and other ethnic groups for which age is not reported reliably. At least up to age 100, however, Coale and Li concluded that Chinese death rates escape severe distortion if the data from Xinjiang are omitted (Coale and Li, 1991: 298-300) .
Data Resources
The data we were able to use from the 1990 census include information about the ethnicity of those who had died in the previous year. Furthermore, data are available by single year of age up to the highest ages reported. Therefore, we were able to study mortality past age 100 and we were able to focus on the Han Chinese population (Note 1).
The population data from this census are by single year of age and refer to people alive on July 1, 1990. The 1990 Chinese census asked each household whether any household member had died in 1989 or in the first half of 1990. Information on the basic demographic characteristics, including ethnicity, of the deceased was collected. Previous studies have shown that the enumeration of deaths is more complete for the six-month period immediately prior to the census than for the preceding year (see, for example, Coale 1993) . Adopting the approach suggested by Coale (1993) , we estimated the age-specific number of deaths in the whole year of 1990 by doubling the death counts in the first half of 1990.
The data for the populations of people 80 years old and older in Sweden and Japan are taken from the Kannisto-Thatcher Oldest-Old Mortality Database, which is available at www.demogr.mpg.de.
The Quality of Age Reports for Very Old Han Chinese
The population age distribution and sex ratios at advanced ages for Han Chinese appear reasonable, as compared with those of Sweden and Japan (Wang et al. 1998: 131, Table 2 ). Coale and Li (1991) proposed an index (Note 2) for measuring the degree of digit preference at ages divisible by five or ten for older people. Wang et al. (1998) computed this index for the Han Chinese as well as for the populations of Sweden, Japan, France, Italy, and Germany from age 85 to 105, from age 95 to 105, and from age 100 to 105. Sweden is considered to be the country with the most reliable demographic data in the world, so it is reassuring that indices for the Han Chinese match the Swedish indices about as closely as the indices for the other populations (Wang et al. 1998: 133, Table 3 ).
Whipple's index is a classic measurement for evaluating age heaping (Newell, 1988:24-25) . We compared Whipple's index for the Han Chinese vs. Sweden for male and female population counts and death counts at ages 65, 70, 75, 80, 85, 90, and 95 . The United Nations recommends that if Whipple's index deviates by less than 5% from a perfect standard, then age reporting can be considered very accurate (United Nations 1955; Newell 1988) . We used the Swedish data to establish a perfect standard and found that almost all of the Whipple indices we calculated using the Han Chinese data deviated by less than 5% from the standard (Note 3).
The above analysis shows the lack of severe age heaping for the Han Chinese elderly population. The absence of significant digit preference at ages divisible by five or ten, however, is not necessarily proof of data accuracy since other kinds of errors in age misreporting may also distort the data quality. One way of addressing this issue is to examine the reported population at very old ages relative to the total elderly population. As shown by Coale and Kisker (1986) , the proportion of those age 95 or over among people age 70 or over in 23 countries with accurate data was always less than six per thousand. This proportion in 28 countries with poor data ranged from one percent to 10 percent (Coale and Kisker 1986) . The proportions of those male and female Han Chinese aged 95 or over among those aged 70 or over in 1990 is 0.76 per thousand and 2.18 per thousand respectively, which are almost exactly the same as the values for Sweden in the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . The male and female proportions of those aged 100 years old or over among those aged 75 or over for the Han Chinese in 1990 were 0.128 and 0.388 per thousand. The corresponding proportions for the Swedish population in 1985-1994 were 0.127 and 0.386 per thousand. The close correspondence of these values for Han Chinese and Swedes is undoubtedly a coincidence because the measure is determined by a complicated interplay of the number of births in cohorts that are now very old and the survivorship of these cohorts. Nonetheless, the low values of the measure for the Han Chinese suggests that age may be reported fairly reliably, even at very old ages. Coale and Kisker (1986: 389-390) plotted the ratio of e 70 (life expectation at age 70) against l 70 /l 5 (conditional survival probability from age 5 to age 70) for the female populations in countries or regions with good data (Note 4). They found a close relationship between e 70 and l 70 /l 5 among countries or regions with good data; they captured the relationship by a third-degree polynomial curve fitted by least squares (Coale and Kisker 1986: 389, Figure 1 ). Plots of e 70 against l 70 /l 5 for the female populations in countries with poor data (Note 5) all lie far above this curve (Coale and Kisker 1986: 390, Figure 2) . We computed the ratio of e 70 to l 70 /l 5 for the Han Chinese female population in 1990. The Han Chinese ratio is almost exactly on Coale and Kisker's curve.
The evidence discussed above shows that the age reporting of Han Chinese people, who account for 92 percent of the total population, is probably acceptably reliable. Almost all Han Chinese, even if illiterate, can supply a precise date of birth. Younger, educated Han can supply their birth date according to the Western calendar. Older, illiterate Han can supply a birth date according to the traditional Chinese calendar combined with the animal year of birth (Note 6). Such a date can be easily translated to the Western calendar by census enumerators using a standard coding form (Coale and Li 1991: 294) .
Reports, however, of ages of 106 and above seem to us to be too questionable to be useable. Even if only a tiny proportion of younger persons report their age as 106 or more, serious distortions can occur (Wang et al. 1998) . Furthermore, population sizes are so small at these extreme ages that the estimated death rates fluctuate widely. Therefore, we limit our analysis to ages 105 and younger in this article, and we are cautious about the possibility that age misreporting may affect estimated values beyond age 97 or so. We present 95% confidence intervals for estimated age-specific death rates to show how much small population size affects the estimates.
Age Trajectory of Han Chinese Mortality at Oldest-old Ages
Male central death rates rise from 0.14 at age 80 to about 0.45 at age 96 and then start to fluctuate substantially. Female central death rates increase from 0.10 at age 80 to about 0.42 at age 100; they tend to moderately increase up to age 105 (see Tables 3a  and 3b ). After age 96, Han Chinese age-specific mortality probabilities show sizeable irregularities and a widening 95% confidence interval (see Figures 1a and 1b) . The likelihood ratio test shows that the overall difference between male and female Han Chinese death rates after age 80 is statistically significant (Note 7). The gender differentials of the death rates at oldest-old ages tend to decrease with age: female death rates at ages 80-84 are 26 percent lower than male rates but by age 100-105 the female advantage is only 16 percent, as shown in Table 1 . Tables A-2 and A-3). The predicted values of q(x) at ages 97-105 are entirely based on the observed data at ages 80-96 and thus independent of the observed values with which they are being compared. Thatcher et al. (1998) followed a similar procedure of fitting models to data at "younger" ages and extrapolating the fits to the oldest ages. One of the main purposes of our model fitting is to test whether the parameter estimates of a model based on the good data at ages 80-96 can be used to reasonably predict the observed rates after age 96.
On the scales used in depicting the model fits to the data at ages 80-96, the six models are practically indistinguishable up to age 96 and all remarkably close to the observed data. The various models then start to diverge, as shown in Figure 2a and 2b. After age 96, the highest predictions of mortality are given by Gompertz model. The lowest predictions are provided by the Kannisto model, which is a simplified twoparameter logistic model. The other four models are in-between. The predictions of the Kannisto model tend to be closest to the empirical observations at most ages above 96 for both males and females and these predictions are generally within the 95% confidence bounds on the data. The model tends, however, to yield predictions that are above the observed death rates at the highest ages. Thatcher et al. (1998) conclude that the Kannisto model provides the best twoparameter fit to the data for the developed countries they analyzed. It is possible that age misreporting or perhaps underreporting of deaths resulted in some underestimation of Han Chinese death rates after age 96 in the 1990 census. If so, the projected values of the Kannisto model might provide an approximate depiction of Chinese mortality at advanced ages. On the other hand, it is also possible that the Han Chinese data are serviceably accurate after age 96, perhaps up to age 100 or so and perhaps even up to age 105. If so, then the pattern of Chinese death rates at the highest ages might reflect not only current conditions but also the legacy of very high mortality at younger ages at earlier dates. That is, the relatively low level of Chinese mortality after age 96 might be a result of mortality selection (i.e., the death of the frail) in the cohorts that have reached extreme old age. There is certainly some age misreporting and death underreporting among the oldest-old in China but it is not clear how much. Mortality selection undoubtedly affects the trajectory of mortality at advanced ages, but whether such selection would pull death rates below the projected values of the Kannisto model in China (but not for the 13 developed countries studied by Thatcher et al. (1998) ) is questionable. We conjecture that the Kannisto model may provide a rough mid-to-upper bound to the trajectory of Chinese mortality after age 96 and that the empirical data may provide an approximate and rather erratic mid-to-lower bound. Whenever appropriate in the rest of this article, we present and discuss both trajectories. We also fitted Gompertz, Weibull, Heligman & Pollard, Quadratic, Logistic, and Kannisto mortality models to observed age-specific numbers of death counts and persons alive from age 80 to 105 for the Han Chinese, following maximum likelihood estimation procedures. The male and female curves of the Kannisto model fit to data at ages 80-105 are almost identical to those fit to data at ages 80-96. Compared with the other five models, the fits of the Kannisto model based on either data at ages 80-105 or data at ages 80-96 tend to be closer to the observed values at advanced ages. These additional model-fitting efforts (see Figures 3a and 3b ) further support our earlier argument that the Kannisto model may provide a rough mid-to-upper bound to the trajectory of Chinese mortality after age 96. Han Chinese, 1990, Females In any case, it seems clear from Figures 2a, 2b, 3a, and 3b that a Gompertz curve fails to capture the trajectory of Chinese mortality at the highest ages. Unless there is very severe age misreporting or underreporting of deaths, which seems unlikely, death rates rise more slowly than predicted by an exponential Gompertz curve fit to the data at ages 80-96 and ages 80-105. In contrast, the Kannisto, Logistic, and Quadratic models (especially the Kannisto model) fit the data much better than the exponential Gompertz model. These results indicate that mortality deceleration appears to occur in the developing country of China as well as in developed countries. 
Convergence of Han Chinese Mortality with Japanese and Swedish Mortality
In Figures 4a and 4b we plot age-specific probabilities of death for Han Chinese, Swedish and Japanese males and females from age 80 to 105. For the Han Chinese the empirical data is plotted as well as the projected values of the Kannisto model. The likelihood ratio test shows that the overall difference between the magnitudes of Chinese vs. Japanese and Swedish mortality at ages 80 and over is statistically significant (Note 9). The general age patterns of the mortality are, however, roughly similar, with some evidence of convergence of the Han Chinese probabilities toward the Swedish and Japanese ones at the oldest ages. Note that the Han Chinese mortality trajectories shown in Figures 4a and 4b are based on data for one year, 1990, only. The Japanese and Swedish curves shown in the same figures are based on data covering 10 years, since too many random fluctuations (due to small population sizes) would be present if they were based on the data for a single year. This fact concretely demonstrates the advantage of using data for China, with its huge population, to study mortality at advanced ages. , Kannsito model Fitted Han Chinese 1990 , Japanese 1981 , and Swedish 1985 A g e q (x) Ja n p a n , 1 9 8 1 -1 9 9 0 Swe de n , 1 9 8 5 -1 9 9 4 C h in a , 1 9 9 0 K a n n ist o f it t e d, C h in a , 1 9 9 0 , Japanese 1981 , and Swedish 1985 For both males and females, Han Chinese death probabilities are higher than the corresponding Japanese and Swedish ones before age 97. The empirical data after this age suggest a possible crossover; the Kannisto model suggests rough convergence. How can one explain this convergence or modest crossover after age 97? Some age misreporting and death underreporting could account for the pattern. On the other hand, the convergence or crossover could be real and could reflect the impact of mortality selection in heterogeneous populations. In this regard, a brief discussion of black-white mortality crossover in the United States is informative. A crossover of the age trajectories of black vs. white death rates in the U.S. at ages over 75 has been observed in both cross-sectional and cohort studies. The death rates of black Americans were substantially lower than the white rates after the crossover, especially at the oldest-old ages over 85 (see, e.g. Kitagawa and Hauser 1973; Nam and Okay 1977; Thornton and Nam 1972) . Black Americans were subject to more adverse health conditions during childhood and adulthood, as compared to white Americans. Some scholars, therefore, believe that the more vulnerable members of a cohort die at high rates, leaving behind an exceptionally hardy group of survivors at older ages. The crossover has provided empirical underpinnings for a "survival of the fittest" mechanism operating on old-age mortality (Manton, Stallard, and Vaupel 1981;  Ja n p a n , 1 9 8 1 -1 9 9 0 Swe de n , 1 9 8 5 -1 9 9 4 C h in a , 1 9 9 0 K a n n ist o f it t e d, C h in a , 1 9 9 0
Figure 4b: Comparison of death probabilities, observed Han Chinese 1990, Kannisto model fitted Han Chinese
McCord and Feeman 1990; Otten et al. 1990; Zopf 1992) . Other scholars suggest, however, that cohorts subject to severe health conditions in early life also experience elevated mortality in later life (Elo and Preston 1992; Mosley and Gray 1993) . Coale and Kisker (1986) use indirect evidence to suggest that most instances of mortality crossovers simply reflect inaccurate data at older ages. The age at which the black death rates start to fall below white levels, the crossover age, has been increasing over time: from age 75 or so to 88 or more in various studies over the past a few decades. The increase in the crossover age is likely due to the improvement in the quality of black (and white) mortality data (Markides and Black 1996; Corti et al. 1999; Lynch, Brown and Harmsen 2000) . Preston and his colleagues recently carried out a rigorous investigation on the quality of age reporting by blacks and whites at old ages. They linked a sample of death certificates of persons aged 65+ in 1985 to records for the same individuals in the U.S. censuses of 1900, 1910, and 1920 and to records of the Social Security Administration. When corrected ages at death are used to estimate age-specific death rates, the death rates of blacks above age 85 increase substantially (Preston et al., 1996) . Nonetheless, a crossover appears to exist-at around age 95 for males and in the age range of 90-94 for females, suggesting that black Americans may indeed enjoy lower mortality than whites do at extreme ages (Hill, Preston, and Rosenwaike 2000:194, Note 10) .
Han Chinese mortality curves converge toward or slightly crossover those of their Swedish and Japanese counterparts at an even higher age. Furthermore, the extent of the crossover is less than for blacks vs. whites in the United States. The level of black mortality at ages 95+, corrected for age misreporting by Preston and his colleagues, is 10.0 percent lower for males and 10.7 percent lower for females than the corresponding white rates. (Hill et al. 2000:194 ; see also Table 2 in this article). In contrast, the level of Han Chinese mortality at age 95 and above is 8 or 9 percent higher for males and 2 to 4 percent higher for females compared with Japanese or Swedish levels. Furthermore, the average death rate at ages 100-105 is also higher for Han Chinese males than for Japanese or Swedish males and the average death rates at these ages for Han Chinese females is only 4 or 5 percent lower, as shown in Table 2 .
We believe that the mortality convergence or slight crossover after age 97 of Han Chinese vs. Swedish or Japanese age-trajectories of mortality is probably mainly due to differential mortality selection in heterogeneous populations. Very old people in China have suffered major civil wars, the Second World War, very poor living conditions and inadequate medical care in the past decades. Their misery has been much worse than that in Sweden and somewhat worse than that in Japan. Furthermore, even among people in their 80s and early 90s, death rates in China are higher than in Sweden and Japan. As a result, centenarians are much rarer in China than in Sweden or Japan: in 1990 there were about 5 centenarians per million Han Chinese compared with about 60 per million in Sweden and 25 per million in Japan. Deprivation early in life can result in debilitation of survivors as well as death of the frail, but such debilitation increases mortality among the debilitated as a cohort ages, resulting in mortality selection. Even though current living conditions and medical care are poor, Chinese death rates around age 100 may be similar to Swedish and Japanese levels because the Chinese who endured to age 100 may tend to be more robust with respect to various genetic and nongenetic characteristics (Note 11). This may produce mortality convergence or slight crossover after age 97 of Han Chinese vs. Swedish or Japanese age-trajectories of mortality. It is, however, also possible that for a small proportion of elderly Han Chinese, age of the living or age at death might not be accurately reported. Furthermore, in any comparison of death rates at advanced ages, analysts must bear in the mind the rapidly widening 95% confidence bands that surround the observed estimates. Given these data limitations, it would be injudicious to draw any conclusions from the data except that mortality appears to decelerate in China as well as in Sweden and Japan and that death rates around age 100 appear to be roughly similar in China, Sweden and Japan. Preston et al. (1996) and Hill et al. (2000) Sources: The death rates for U.S. white and black are estimated by Preston and his colleagues through correcting age misreporting errors (Preston et al. 1996: 205, Table 10 ). The death rates for Han Chinese are based on the 1990 census data. The death rates for Japanese and Swedish refer to 1981-1990 and 1985-1994, respectively , and all based on the Kannisto-Thatcher oldest-old mortality data base, available online at www.demogr.mpg.de. Chinese 1990 , Japanese 1981 , and Swedes 1985 Age Han Chinese Japanese Swedish Chinese 1990 , Japanese 1981 , and Swedes 1985 Age Han Chinese Japanese Swedish Tables 3a and 3b present the population at risk (N(x)), number of deaths (D(x)), central death rates, probability of death (q(x)) and their confidence interval, probability of surviving from age 80 to age x (l(x)), and remaining life expectancy (e(x)) from age 80 to 105. These are the first life tables for the Chinese oldest-old population. The l(x) and e(x) for Swedish and Japanese populations are also presented in Tables 3a and 3b for comparative purposes. On average, Han Chinese males aged 80, 90, and 100 could expect to survive 5.3, 3.0, and 1.9 more years, respectively, if the observed age-specific death rates in 1990 applied to the rest of their life span. The corresponding figures are 6.5, 3.6, and 2.2 years for females (Note 12). Han Chinese male and female life expectancies at age 80 in 1990 are 22-25 percent lower than those of their Japanese and Swedish counterparts. At age 95, the male and female Han Chinese life expectancies are only about 4% and 7% lower respectively than the Swedish and Japanese ones. At age 100 and above, Han Chinese life expectancies are a slightly higher than that in Sweden and Japan. This is consistent with the convergence or slight crossover after age 97 discussed above.
Life Tables for the Han Chinese Oldest-old with a Comparison to Sweden and Japan
The observed female Han Chinese life expectancies at ages 80, 90, and 100 are 23, 21, and 20 percent higher than that of male Han Chinese. Using estimates based on the Kannisto model, the estimated female Chinese life expectancies at ages 80, 90, and 100 are 23, 21, and 17 percent higher than those of the males. The female Swedish life expectancies at ages 80, 90, and 100 are 26, 19, and 7 percent higher than the male Swedish life expectancies, and the corresponding figures for the Japanese oldest-old are 24, 16, and 11 percent. That is, there is a convergence of remaining male vs. female life expectancy in Sweden and Japan but not in China: in China, the female advantage persists. Based on data from the 1998 healthy longevity survey, Zeng, Liu and George (2002) found that very old Chinese females suffer from substantially disadvantageous status compared with males with respect to education, marital status, living arrangement, retirement pensions, overall income, and medical services, as well as physical and mental health. Gender differentials in socio-economic status and access to medical services are much smaller in Sweden and Japan than in China. The poor relative status of very old females vs. males in China may imply that there is less mortality selection among frailer males than frailer females. This might account for the lack of convergence in the male and females mortality trajectories. This is speculative, however, and further research is needed on this question.
Conclusions
Based on 1990 census data, we estimated age-specific death rates and the first life table for very old Han Chinese aged 80-105. We fit different mortality models to the Han Chinese death rates at ages 80-96. We extrapolated the models to predict the rates up to age 105, and compared them with the observed ones. We found that a simplified, twoparameter logistic model, the Kannisto model, performed better than the other models. This is consistent with a study based on European and Japanese data (Thatcher, Kannisto and Vaupel 1998) . A Gompertz curve fails to capture the trajectory of Chinese mortality at high ages. Chinese death rates rise considerably more slowly after age 97 than predicted by a Gompertz curve fit to the data at ages 80-96 or 80-105. Our estimates confirm that the pace of increase in death rates decelerates at advanced ages not only in the developed world, but also in China, a developing country.
While male and female Han Chinese death rates at older ages are generally higher than Swedish and Japanese rates, the curves converge or slightly crossover after age 97. Based on studies of the crossover of U.S. black vs. white death rates and based on analyses of the validity of age reporting among the Han Chinese, we believe that the convergence or slight crossover of the Chinese mortality rates with Japanese and Swedish ones after age 97 is due mainly to the effects of mortality selection in heterogeneous populations. It is also possible, however, that small errors in age or death reporting among the Han Chinese may partially contribute to the mortality convergence or slight crossover.
Life tables for the oldest-old Han Chinese show a persistent female advantage in remaining life expectancy. In contrast, in Sweden and Japan the gap between the remaining life expectancies of males vs. females tends to diminish with increasing age. It seems possible, if at first glance paradoxical, that the relatively disadvantaged condition of women vs. men at all ages in China contributes to more mortality selection and thus the persistent female life-expectancy advantage. In any case, further study of living conditions of males vs. females in China seems warranted.
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Notes
1. There are 56 officially recognised ethnic groups in China. Some minority groups are well integrated with the Han Chinese and have shared Han culture for hundreds or thousands years; the accuracy of their age reports is similar to that of the Han Chinese. However, the ethnic-specific sub-sample sizes are too small to allow us to distinguish the minority groups whose oldest old accurately reported their ages from those who did not. We, therefore, exclusively use Han Chinese data to estimate the mortality trajectory at oldest old ages. The Han accounted for about 92 percent of the total population in 1990.
2. The index is defined as a mean of the ratios of the number at each age to a twostage moving average (the five-term average of a five-term average).
3. The Whipple's Index for evaluating the general degree of age heaping in a population of all ages is usually calculated as:
The Whipple's Index = (sum of number at ages 25,30,...,55,60)*100*5 Total number between ages 23 and 62
The value of the Whipple's Index in a population with perfect age reporting as well as no any large changes in fertility, mortality and migration for a long time would be 100. The United Nations recommended a standard for measuring the age heaping as follows: The choice of 23 and 62 as the limits of age band to be examined in the classic Whipple's Index calculation is arbitrary but has been found most suitable for practical purpose of measuring age heaping in general in a population of all ages (United Nations, 1955: 39-45) . However, this age band cannot be used for the oldest old since it excludes persons above age 62. We, therefore, define that the Whipple's Index for the oldest old survivors or deaths of age x and over as follows:
The Whipple's Index for the oldest old = (s u m o f n u m b e r a t a g e s 6 5 ,7 0 ,...,9 0 ,9 5 )* 1 0 0 * 5 T o tal n u m b er b e tw ee n a g e s 6 3 a n d 9 7
Wang et al. (1998) The statistics: -2*log(LA/LB) 1411802 X 2 1,95 = 0.004 Therefore, the H 0 hypothesis of no differences between males and females is rejected, i.e. there is a significant difference between the male and female mortality of Han Chinese at oldest old ages.
8. The maximum likelihood estimation procedures used in this paper are the same as the ones used by Thatcher, Kannisto, and Vaupel (1998: 36) for fitting various mortality models to the observed data at oldest old ages in 13 developed countries. The Chinese data used to fit the models are: N(x), the number of persons who reached age x; and D(x), the number of persons who died before reaching age x+1
among those who reached age x. Let ( ) x µ denote the force of mortality at exact age x and let between ages x and x+1, we have estimated the parameters α by maximizing L , the logarithm of the likelihood function: Therefore, the H 0 hypothesis of no differences between male and female Han Chinese and Japanese death rates at oldest old ages is rejected, as well as for the Han Chinese and Swedish death rates.
10. Hill et al. (2000 Hill et al. ( : 1994 also noted that this is not fully conclusive, however, because the corrected black rates are based on a small number of deaths at ages 90+ and on the questionable accuracy of the census data.
11. It is also interesting to note that the Japanese male and female oldest old death rates are either slightly higher than or almost identical to the Swedish ones before age 96 and 99, respectively. But the Japanese and Swedish male and female death rates slightly crossover at ages 96 and99. The Japanese male and female death rates are lower than the Swedish ones at ages 97-100 and 100-102; both fluctuate a lot after age 100 and 102, respectively. The number of centenarians in Japan (about 25 per million in 1990) was much smaller than that in Sweden (about 60 per million in 1990). Centenarians in Japan are more selected than their Swedish counterparts. The stronger selection of Japanese oldest-old may explain why male and female Japanese and Swedish mortality rates slightly crossover at ages 96 and 99.
12. The number of Han Chinese oldest old male and female life table survivors (l(x)) of age 106 and above account for only 3.9 and 4.9 percent of the male and female life table total numbers of survivors age 100 and above. Therefore, the questionable data quality at age 106 and above may not seriously distort the estimates of life expectancy at age 100. 
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Note: Although the deviations from the other five models are very small, the Weibull model has the lowest value of the negative of the log likelihood, which implies that it is the best-fitting model in terms of maximum likelihood. We, however, use "fits best" in our discussion in this paper in a different way --we mean that the curves capture the trajectory of mortality at the highest ages. 
